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Rotating Machinery Sectional Committee, ET 15

NATIONAL FOREWORD This Indian Standard which is identical with IEC Pub 34-15 (1990) `Rotating electrical machines Part 15 : Impulse voltage withstand levels of rotating a.c. machines with form-wound stator coils', issued by the International Electrotechnical Commission was adopted by the Bureau of Indian Standards on the recommendation of the Rotating Machinery Sectional Committee (ET 15) and approval of the Electrotechnicdl Division Council. The text of IEC standard has been approved as suitable for publication as Indian Standard without deviations. Certain conventions are however not identical to those used in Indian Standards. Wherever the words `IEC Standards' appear in this standard, they should be read as `Indian Standards'. In this adopted standard, reference appears to certain International Standards for which Indian Standards also exist. The corresponding Indian Standards which are to.be substituted in their place are listed below along with their degree of equivalence for the editions indicated :
International Standard Corresponding Indian Stand&d Degree of Equivalence '

IEC Pub 34-l (1983)

IS325 : 1978Threephase

induction motors you&r revision)

IS 996 : 1979 Single phase small ac universal electric motors IS 7538 : 1975 Three-phase squirrel cage induction motors for centrifugal pumps for agricultural applications IS 4722 : 1985 Rotating electric machine (secorui revision) IEC 60-2 (1973) IEC 71-l(l976) IS 2071 (Part 2) : 1974 Methods of high voltage testing: Part 2 Test procedures (first revision) IS 2165 (Part 1) : 1977 Insulation coordination: Phase to earth insulation coordination Part 1 Technicallyequivalent Technically equivalent Not fully equivalent

Only the English language text in the International Indian Standard.

Standard has been retained while adopting it in this

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a t est, shall be rounded off in accordance with IS 2 : 1960 `Rules for rounding off numerical values (revised)`. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.
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Indian Standard

IMPULSE VOLTAGE WITHSTAND LEVELS OF ROTATING A.C. MACHINES WITH FORM-WOUND STATOR COILS
Introduction
IEC Publication 71~1 specifies general requirements three-phase a.c. systems and states that each Apparatus for the phase-to-earth insulation of equipment in Committee is responsible for specifying the insulaof Publicaand experiin preparing tion levels and test procedures for its equipment, taking into consideration the recommendations tion 71-1. The object of this standard is to specify requirements for rotating electrical machines ence has shown stresses these requirements that the values given in this standard conditions. A. meet the insulation requirements in service under usual operating An explanation of the principles adopted

for the essential

is given in Appendix

1

Scope
This standard applies to rotating a.c. machines incorporating form-wound stator coils. for rated voltages from 3 kV to 15 kV inclusive and

2

Object
This standard specifies the rated phase-to-earth impulse voltage withstand levels and the test procedures and voltages to be applied to the main and interturn insulation of sample coils to prove the impulse voltage withstand level of the machine, and gives some guidance for routine tests. The standard covers surges originating from lightning but consideration is being given to extendhtg the standard to cover surges originating from switching vacuum and other circuit-breakers.

3

Defmitions
For the purpose of this standard the following definitions apply: of the type of

3.1

Random Sample test: A test carried out on coils which adequately

represent the configuration finished item to be used in the machine, for the purpose of evaluating the basic design, materials, manufacturing procedures and processes incorporated in the insulation system.

3.2 3.3

Routine fest: A test carried out on all coils of the machine. Form-wound staror coil: A coil which is preformed
to shape ,before insertion in the stator.

4

Impulse voltage withstand levels The rated lightning
of Table 1. 1 impulse voltage withstand levels for certain rated voltages are given in column 2

IS 14222 : 1995 EC Pub 34-15 : 1990 Table 1 - Rated insulation le<els for rotating machines

1 Rated voltage

2 Rated lightning impulse withstand voltage (peak)

3 Rated power-frequency withstand voltage (r.m.s.) according to IEC Publication 34-l kV 7 7.6 9.0 13 14.2 21 23 27,4 28,6 31

kV 3 3.3 4 6 696 10 II 13.2 13.x 1.5

kV 17 I8 21 29 31 45 49 58 60 65

.

.NOTES I The levels in column 2 are based on a standard lightning impulse having a front time of 50 vs as specified in IEC Publication 60-2. 2 u,= The levels in column 2 are obtained by application of the formula: 4 lJ,+s

1.2ps and a time to half-value of

where U,-

:
rated voltage in kiloyolts

U,,= rated lightning impulse withstand voltage (peak) in kilovolts
3 The levejs in co!umn 2 have been deemed appropriate by taking into consideration both the average characteristics of machines and "usual" operating conditions. The above-mentioned levels, thereford; may not be adequate for "special" operating conditions (e.g. machines directly connected to overhead lines) or "abnormal events" (e.g. multiple re-ignition of the switchgear) and in such cases the windings should either be designed to withstand other impulse levels or be protected in an appropriate way.

Rated lightning imp&e voltage withstand levels for other rated voltages between 3 kV and 15 kV can be obtained by application of the formula given in note 2 of Table 1, the values obtained being rounded off to the nearest whole number.

5 5.1

Tests Random sample tests These tests are performed as an indirect proof as explained in Sub-clause A.3.2 of AppendikA. The test coils shall be finally processed, including corona protection, if provided, and shall be either embedded in slots or fitted with the slot portion wrapped in earthed conducting tape or foil. The number of sample coils shall be two, unless agreed otherwise between the manufacturer and the purchaser; All tested coils shall fulfill the requirements shall be carried out to determine the cause. given below and, in the case of a failure, investigations

5.1.1 5.1 .l.i

Impulse test of the interturn insulation The impulse test of the interturn two terminals of the sample coils. insulation shall be performed by applying a voltage between the

2

IS 14222 : 1995 IEC: Pub 34-15 : 1990 5.1.1.2 The'interturn test voltage shall be generated by the damped oscillatory discharge of a capacitor. The

number of capacitor discharges shall be five, unless agreed otherwise between the manufacturer and the purchaser. In order to obtain even distribution of the surge between coil turns, the front time of the first voltage peak should not be shorter than 0,5 p.

5.1.1.3

The voltage

peaks between

the terminals

of the sample

coil shall be 50% of the values given in

Table 1, column 2 or 50% of the values obtained by application of the formula U,, = 4 UN ; 5 (see Clause 4). This is in accordance with the 50% presumption mentioned in Sub-clause A.3.2.3 of Appendix A. Where calculations or tests show that less than 40% or more than 60% of the input impulse voltage appears tween the manufacturer 5.1.2 across the entrance and the purchaser. cbil, the test voltage should be subject to agreement be-

Impulse withstand test of the main insulation The impulse withstand level of the main insulation is tested by applying either a power-frequency voltage (see Sub-clause 5.1.2.1) or an impulse voltage (see Sub-clause 5.1.2.2).

5.1.2.1

Power-frequency

voltage test

The r.m.s. voltage (2&+1) kV shall be applied for 1 min between coil terminals and earth, shall then be increased at the rate of 1 kV/s up to 2(2UN+ 1) kV and shall then immediately be reduced at a rate of at least 1 kV/s to zero, without failure. The corresponding impulse withstand level of the main insulation and the overhang corona protection are then considered to fulfill at least the requirements of Table 1, column 2.
NOTES 1 The rated impulse level in Table 1, column 2, is lower than the peak value 2\/2(2U,+ I) kV dcrivcd from this tcht because the impulse level of a machine is determined by the interturn voltage due to longitudinal voltage distribution (WC Sub-clauses A.I. I and A. 1.2). The purpose of the higher a,c. test level is to product nearly equivalent to that obtained by the impulse test. 2 In some countries it is common practice to apply a d.c. test voltage a voltage gradient iit the slot end more

instead of.thc

power-frcqucncy

volt;~gc spccificd routine ICSI voltqc.

above. This is permitted shall he included i.e. at least 1.7(2U,+

by this standard when agreed between I) kV.

the manufacturer

and the purchaser.

The d.c. voltage level

in such an agreement

and should he at least as high as 1.7 times the power-frequency

5.1.2.2

Impulse vollage test shall be performed by applying a voltage between the coil

5.1.2.2.1 The impulse test of the main insulation terminals and earth.

5.1.2.2.2 The main insulation test voltage shall be generated by an impulse generator applying approximately the standard lightning impulse specified in.1 EC Publication 60-2. The number of impulses shall be five, unless agreed otherwise between the manufacturer and the purchaser. 5.1.2.2.3 Table The voltage 1, column peaks between the coil terminals and earth shall be 100% of the values given in of the formula U,, = 4 UN + 5 (see

2 or 100% of the values obtained

by application

Clause 4). 5.2 Routine tests Routine connections
Due

tests shall be carried have been made.

out for all coils after insertion

in the stator

core', bul bcforc

the

general

to the various technologies involved (c.g. resin rich insulation, requircmcnts can Ix spccifictl for the test values.

vacuunl

prcssurc

in~uliltion).

no
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APPENDIX A
PRINCIPLES INVOLVED WITHSTAND IN THE SPECIFICATION LEVELS OF IMPULSE VOLTAGE

AND TEST PROCEDURES

A.1 A. I. 1

Impulse voltage stress of a machine winding When a steep voltage surge occurs between one machine terminal and earth, the corresponding phase cannot "suddenly" (i.e. during the impulse rise-time) adopt the same potential on all its points. Hence, two types of voltage arise in the winding: the voltage between the copper and earth (transverse voltage) and the voltage along the copper (longitudinal voltage).

A.1.2

Whilst the transverse @age stresses the main wall insulation, the longitudinal voltage also stresses the interturn insulation. The highest voltage components of both kinds normally appear on the first or entrance coil of the,winding.

A. 1.3

In practice, voltage surges can be of various shapes and may even extend to wave-front times down to about 0,2 us. The'following explanations and the requirements in this standard only refer to the standard lightning impulse defined in IEC Publication 60-2, since this is the wave shape of the rated lightning impulse withstand voltage given in IEC Publication 71-1. This wave has a front time of 1,2 us and a time to half-value of 50 ns.

A.2 A.2.1

Impulse withstand level of a machine winding A machine co-ordination. Impulse winding should have a certain impulse withstand level within the system of insulation

A.2.2

withstand

levels

specified

in this standard

are based

on the formula

Up = 4UN+`5

(see Clause 4).

A.3 A.3.1

Proof of impulse voltage withstand levels It is not recommended that an impulse test should be performed on a complete machine, because, in this case. any interturn failure is very difficult to detect with the present state of knowledge. The impulse voltage withstand levels can therefore only be proved indirectly by random sample tests on individual coils.

A.3.2

Itldirect proof by random `sample test on coils

A.3.2.1 The impulse voltage withstand level of a complete machine winding can be proved indirectly by tests on a sample coil. based on the principle that the sample coil during this random sample test should be stressed, as near as practicable, in the same manner as that coil (or those coils) within the complete winding with fhe maximum stressesbetween turns and/or to earth, i.e. normally the entrance coil of the winding.

4
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IEC Pub 34-15 : 1990
A.3.2.2 The peak value of the transverse voltage (between copper and earth) appearing on the entrance coil (and therefore on the sample coil for the random sample test) is equal to the peak value of the impulse voltage on the complete winding. This peak value can be higher than the power-frequency routine test peak voltage a(2 UN 4 1) kV but generally not higher than the figure derived from the test in Subclause 5.1.2.1. A.3.2.3 The peak value of the longitudinal least, to the following factors: voltage appearing on the entrance coil varies widely due; at

- rise time t, of the voltage impulse ; - copper length of the entrance coil; - number and arrangement of the turns. The actual value may be investigated by applying a "model impulse voltage" hundred volts peak on the terminal of the complete machine. Corresponding but, as expected, configuration. It is considered, therefore, that the three factors mentioned above are too complicated to be used as investigations have been made in several countries with for example a few

and results have been published.

no simple law has been found for pre-calculating

this peak value from a given machine

a basis for practical specifications. For easier practice in most cases it is considered that longitudinal voltage on the complete winding for the standard impulse (see Sub-clause' adopted as a rough guideline for the longitudinal voltage on the entrance coil. The should, therefore, be tested by applying high frequency voltage between its terminals specified impulse withstand voltage of the total winding.

50% of the total A.1.3) should be sample test coil with 50% of the
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